Milk production and lamb growth were characterized in 118 multiparous, 3-to 7-yr-old Rambouillet, Columbia, Polypay, and Suffolk ewes under spring sage range and high mountain meadow grazing from 28 to 98 d postpartum. Daily milk yield as measured by the lamb suckling weight differential technique did not differ (P > .05) among breeds, although r d k production of Suffolk ewes tended to be higher than that of the other three breeds. Within the Rambouillet, Columbia, and Polypay breeds, total estimated yield of ewes with twins was 13 to 17% higher than that of ewes with singles, whereas in the Suffolk breed, suckling twins increased total milk yield 61% over that of ewes with singles. Twin lambs induced a larger differential in dam milk production in late lactation (70 to 98 d) than in earlier lactation (28 to 70 d). Number of lambs did not influence milk protein, Ca, or P content (P > .05). Fat levels in colostrum and 4d milk were elevated 14 and 20%, respectively, in ewes suckling twins compared with ewes suckling singles. Under range conditions, Suffolk ewes suckling single or twin lambs lost more BW (12 and 21% of 4-d postpartum body weight, respectively) than Rambouillet (4 and 7%), Columbia (5 and 8%). or Polypay (8 and 8%) ewes. Correlation coefficients of milk production and lamb growth rate were positive and significant (P < .05) up to 56 d of age. Growth rate was less closely associated with milk production for twin than for single lambs.
Introduction
Milk production of healthy, multiparous ewes is usually adequate for the dietary needs of maintenance and growth of single and twin lambs up to 4 wk of age. Ewe weight loss during the first 4 wk of lactation is minimal but may increase with persistence of lactation. The relationship between lamb growth rate and milk production is strongest from birth to 4 wk postpartum (Torres-Hernandez and Hohenboken, 1980; Treacher, 1983) . Under most western range spring-lambing sheep production systems, ewes and their lambs are penned or pastured and fed hay, often supplemented with a grain source, until spring foothill or mountain ranges become accessible, usually at approximately 4 wk after lambing. Under range conditions, there is little if any opportunity to alter nutrient intake of lactating ewes, especially on public lands. Breed characterization of ewe lactation under range conditions from 4 wk postpartum to weaning is lacking in the literature. The objective of this study was to evaluate the lactation of multiparous ewes of four breeds suckling either single or twin lambs under a western range production system from 28 to 98 d postpartum and to evaluate the effect of litter size on milk production within breeds.
Experimental Procedures
Milk production and lamb growth were characterized in a total of 118, 3-to 7-yr-old multiparous Rambouillet, Columbia, Polypay, and Suffolk ewes under range and high mountain meadow grazing from 28 to 98 d postpartum. Ewes were shed-lambed during April and selected at parturition to participate 923 b.cMeaos with different supscripts within breed and days postpartum differ (P < .OS).
At 84 d postpartum, two Suffolk ewes were removed from the study; one ewe developed a unilateral dry udder and the second ewe had a unilateral hemolactia disease. No clinical diagnoses were performed to determine cause of illnesses. Only the ewes' data from sampling periods before removal were included in the analyses.
Milk yield at each stage of lactation and total 70-d yield and lamb growth rate were analyzed by the General Linear Model procedure for analysis of variance of unbalanced data (SAS, 1988) . The model included breed, litter size, and their interaction as independent variables. Julian date of parturition was used as a covariate. Milk composition and ewe body weight change were analyzed using a repeated measures analysis of variance procedure (SAS, 1988) . The repeated measures model included breed, litter size, their interaction, ewe within breed x litter size as the error term for the above effects, stage of lactation, and the interactions of stage with breed and litter size. Differences in yield and composition between adjacent stages of lactation were examined by performing a transformation of the M matrix under the Profile option of SAS (1988) .
Product-moment correlation coefficients within litter size were computed between milk yield and lamb growth rate within each stage of lactation. Milk yield of ewes with twins was correlated with the average lamb growth rate of litter twins to avoid a bias of repeated ewe records.
Results and Discussion
Because most ewes lambed within a 5-d period, Julian date of parturition was not a meaningful covariate (P > .05) on milk yield or lamb growth rate and was deleted from the analyses. The interaction of breed and litter size (P > .05) was also removed from the analyses.
Daily milk yield did not differ (P > .05) among breeds within litter size at any stage of lactation (Table 2) . However, the milk yield of Suffolk ewes suckling twins was consistently higher than that of other ewes suckling twins at all sampling periods. Within the Rambouillet, Columbia, and Polypay breeds, total estimated milk yield of ewes with twins was 44 to 47% higher (P e .05) than that of ewes with singles, whereas in the Suffolk breed, suckling twins increased (P < .05) total milk yield 64% over that of ewes with singles. Over the 70-d period, Suffolk ewes with twin lambs produced 13 to 17% more milk than Rambouillet, Polypay, or Columbia ewes with twins. The higher total yield of the Suffolk suggests a higher milking potential, which may be related to the Suffolk's larger body size.
The number of nursing lambs was a major influence on milk yield (Table 2) . Ewes suckling twins produced more milk (P < ,OS) than those suckling single lambs at each stage of lactation. From 28 to 56 d, twins stimulated a 23 to 58% increase in milk yield compared with single lambs. However, from 70 to 98 d, milk yield among ewes suckling twins was 71 to 149% higher than that from ewes suckling singles. The effect of twins in increasing late lactation yield (70 to 98 d) and persistence of yield contradicts earlier repom that twins induce a greater yield at early lactation (14 to 42 d) and have little or no effect on persistency of yield compared with the effect of single lambs (Gardner and Hogue, 1964; Treacher, 1983) . This disparity may be a result of environmental circumstances or inherent differences between populations sampled in the contradicting studies. Breeding ewes at the U.S. Sheep Experiment Station have been selected for over three generations for total weight weaned at 120 d postpartum, a composite trait involving reproduction, lamb growth rate, maternal ability, and lactation. The genetic background of the populations sampled in earlier studies was not defined.
Although peak yield could not be determined from this data set, ewes with twins normally reach their peak yield in the 3rd wk of lactation, compared with the 4th wk in ewes with singles (Gibb and Treacher, 1982; Treacher, 1983) . From 28 to 98 d, inilk yield declined in a linear manner. Lactation curves for the pooled data (Figure 1) and 42% for ewes with singles and twins, respectively. The decrease in lactation during the period of 56 to 70 d coincides with two factors: the lambs' decreasing dependence on milk due to increased grazing and forage intake of lambs (Lyford, 1988) and the transfer of the flock to the mountain meadow pasture under drought conditions. Milk composition (Table 3) did not differ among breeds (P > .05). Consistent differences in inilk composition associated with the number of lambs were observed, but the differences were not statistically significant (P > .05). Milk fat percentages were elevated in ewes with twins compared with those of ewes with singles at day of birth (9.8 vs 8.6%) and 4 d postpartum (7.9 vs 6.6%). Gardner and Hogue (1964) reported that ewes with twins had higher milk fat levels and produced 38% more milk energy than those with single lambs but yielded only 27% more milk over a 90-d lactation period. The increase in milk energy in the prior study was attributed to increases in milk fat content during the fist and last week of lactation, when yields typically are lower. A biological advantage to elevating milk fat during early lactation (1 to 4 d) is that the limited milk supply has a higher nutrient density. Milk fat percentage was more variable than other components, and values often differed between stages of lactation.
Protein percentages were generally similar among ewes with singles or twins mable 3). Lower milk protein levels associated with suckling twins have been reported earlier (Gardner and Hogue, 1964; Peart et al., 1972) .
Figures 2 and 3 display pooled means for milk fat, protein, lactose, Ca, and P percentage during the lactation period. Composition of colostmm was considerably different from composition of normal milk. Colostrum was more highly concentrated with higher levels of protein and fat. Protein globulin fractions, especially gamma globulins, are generally elevated in colostrum for a period of 2 to 3 d postpartum (Shubber et al., 1979) . Fat content of colostrum was 119% higher than that of 28-d milk. Lactose content was lower in colostrum. Reduced levels of lactose have been shown to decrease the incidence of scours in most young ruminant animals (Jacobson and McGilliard, 1984) . At or near peak lactation (28 d) milk fat, protein, and phosphorus levels decreased. Lactose content was elevated at 28 d followed by a gradual decline over time.
Similar trends in lactose levels peaking at 28 d have been reported (Gardner and Hogue, 1964) .
From 28 to 98 d, milk yield decreased 76 and 83% for ewes with single or twin lambs, respectively (Figure l) , concurrent with increases in milk fat (Figure 2) . Phosphorus, Ca, and lactose levels decreased with advancing lactation (Figure 3 ). Although energy content was not determined, it may be reasoned that milk energy content increased as milk fat concentration increased and yield decreased over time (28 to 98 d). Higher milk energy concentrations would contribute to lamb growth and viability, whereas progressively decreasing milk yields would be associated with increased rumen development and dependency of the young lamb on other feed sources for maintenance and gain.
Lactation is the period of highest nutrient requirement in the ewe's annual production cycle. Slight restrictions of nutrient intake in lactating ewes in some instances may not greatly reduce milk production, but it may result in the loss of body weight and body reserves of the ewe (Peart, 1982) . The biological effect of lactation on the ewe was estimated by changes in ewe body weight. A limitation of this approach is the confounding of stage of lactation and nutritional effects by altering grazing pastures in the management system, typical of western range production systems. The consequences of confounding of stage of lactation and nutritional effects was assumed to be equal among breeds. Ewe body weight over time was compared to body weight 4 d postpartum, when weight is less affected by the increases in gut-fill that occur early postpartum. Suffolk and Columbia ewes were Regaining lost body weight between weaning and breeding is critical to subsequent reproductive performance. Body weight loss of Suffolk ewes during lactation under range conditions was greater than in Rambouillet, Polypay, of Columbia ewes and may have a detrimental effect on subsequent reproduction. The higher weight loss in the Suffolk may have been related to higher nutritional require ments for maintaining heavier body weights and slightly higher lactation yields. Body condition scores or estimates of body composition were not available and may have been of value in understanding the changes in body weight during lactation. Peart (1968) found evidence that leaner Suffolk ewes had a higher efficiency of food conversion to milk than did fatter ewes. In situations of continuous undernourishment, a high state of body condition is undesirable during lactation.
The growth rates of single and twin lambs The relationship of ewe milk production to lamb growth rate was characterized by correlation analysis. Breed differences in correlation coefficients were not observed. As lactation progressed, the correlation between estimated daily milk yield and lamb growth rate from birth to time of milk yield estimation steadily decreased (Figure 6 ). At all stages of lactation, the relationship of milk yield and growth rate was higher for single than for twin lambs. The higher correlations among single lambs may be explained by the fact that milk production of a ewe with a single lamb is less a limiting factor on lamb growth rate because milk drawn by single lambs probably more nearly approaches ad libitum consumption, whereas milk drawn by twin lambs is a measure of the ewe's milk production, which is a limiting factor on twin growth rate (Slen et al., 1963) . After 56 d the association between milk production and lamb growth was small and nonsignificant (P > .05). Similar trends of decreasing association of milk yield to lamb growth were reported by Torres-Hernandez and Hohenboken (1980) . Diminishing correlations over the lactation However, Suffolk ewes, which lost significantly more body weight during lactation than other ewes, may be less adapted to the range production system investigated, especially when litter size is greater than one and nutrient availability is limited. The number of lambs nursing is a major factor influencing milk production. Suckling twin lambs increases milk production and ewe body weight loss compared with suckling single lambs, suggesting that ewes with twins may benefit from nutrient supplementation. Ewes with twins could not produce sufficient milk for twin lambs to grow at a rate equivalent to that of single-reared lambs. Creep supplementation of twin lambs may be an economical means of increasing growth rate, especially during the first 56 d of lactation. 
